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Description 

FIELD OF THE INVENTION 

5 [0001] The present invention relates to an Inkjet recording sheet, and particularly to an Inkjet recording sheet which 
exhibits excellent Ink absorbablilty, minimizes bleeding, and results in stable color density under keeping in high hu- 
midity. 

BACKGROUND OF THE INVENTION 

10 

[0002] In recent years, Inkjet recording has increasingly resulted In enhancement of image quality which is approach- 
ing that of conventional photography. In order to achieve such conventional photographic quality, Improvement has 
been made in the area of recording sheets. A void type recording sheet, which comprises a highly smoothened support 
having thereon a minute-void layer comprised of fine particles and hydrophilic polymers, exhibits high gloss, results In 
15 bright color fonnatlon, and exhibits excellent Ink absorbablilty as well as ink drying properties. Accordingly, said re- 
cording sheet has been regarded as one of those which are most similar to conventional photographic quality. Specif- 
ically, when a non-water absorptive support is employed. It Is possible to prepare high quality prints because cockling 
(wrinkling), which is noticed in a water absorptive support. Is not present, and it is possible to maintain the highly 
smoothened surface. 

20 [0003] Inkjet recording is mainly divided into two types; one in which ink, comprised of water-soluble dyes, is em- 
ployed and the other In which Ink, comprised of pigments, is employed. The ink comprised of pigments results in highly 
durable images but gloss tends to vary imagewise. As a result, it is difficult to prepare prints which exhibit conventional 
photographic quality. On the other hand, when an Ink, comprised of water-soluble dyes, is employed, it is possible to 
obtain very bright and clear Images of unlfomn gloss. Accordingly, it Is possible to prepare color prints approaching 

25 conventional photographic quality. 

[0004] However, Ink, comprised of water-soluble dyes, results in disadvantages such as bleeding and poor water 
resistance due to the high hydrophilicity of said water-soluble dyes. Namely, when after printing, prints are stored at 
high humidity for a long period of time, or water droplets are allowed to adhere onto the print surface, said dyes tends 
to result In bleeding. 

30 [0005] In order to overcome such drawbacks, It is a general practice to incorporate dye fixing materials such as 
cationic materials Into a porous layer. 

[0006] A method preferably employed is one in which, for example, an anionic dye Is allowed to bond to a cationic 
polymer so as to be Immobilized. Cited as such cationic polymers are polymers of quaternary ammonium salts, which 
are, for example, described In the conventional art of "Ink Jet Printer Gijutsu to Zairyo (Technology and Materials of 
35 InkJet Printers)", (published by CMC Co., Ltd., July 1998) and Japanese Patent Publication Open to Public Inspection 
No. 9-193532. 

[0007] Further, a method has been proposed in which water-soluble polyvalent metal Ions are previously incorporated 
into an Inkjet recording sheet so that during ink jet recording, dyes are immobilized while being coagulated and fixed. 
[0008] However, when such cationic polymers and water-soluble polyvalent inns are Incorporated to minimize bleed- 
40 ing as well as to enhance water resistance, said dyes tend to coagulate on the surface. As a. result, the image surface 
tends to result in a bronzing phenomena, in which the image surface exhibits a metallic gloss. Said bronzing tends to 
generally occur when prints are stored In a highly humid environment. 

[0009] It has been known that compounds containing a zirconium atom and an aluminum atom are employed in ink 
jet recording sheets, 

45 [0010] Japanese Patent Publication Open to Public Inspection Nos. 55-53591 , 55-150396. 56-867789, 58-89391 , 
and 58-94491 describe Inkjet recording sheets comprised of water-soluble polyvalent metal salts which bond to water- 
soluble dyes to fonn minimally water-soluble salts. 

[0011] Further, Japanese Patent Publication Open to Public Inspection Nos. 60-67190, 61-10484, and 61-57379 
describe Inkjet recording sheets comprised of cationic polymers as well as water-soluble polyvalent metal salts. 
50 [0012] Japanese Patent Publication Open to Public Inspection No. 60-257286 describes an Ink jet recording sheet 
comprised of basic polyhydroxyl aluminum compounds. 

[001 3] Further, Japanese Patent Publication Open to Public Inspection No. 1 0-258567 discloses a method employing 
a hydrophilic polymer and a water-soluble compound comprising a 4A group element, in combination, while Japanese 
Patent Publication Open to Public Inspection No. 10-309862 discloses a method employing a hydrophilic polymer 
55 together with a poiyhydric cartDoxylic acid, and a zirconyl compound, also in combination. 

[001 4] Further, regarding compounds comprising said zirconium element, Japanese Patent Publication Open to Pub- 
lic Inspection No. 4-7189 discloses a method employing a porous pigment and an acid zirconium chloride compound. 
Said patent specification describes that by adding said acid zirconium chloride salt, desired adhesion strength is ob- 
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talned employing a relatively small amount of binder, and it is possible to achieve improvement of image quality. 
[0015] Japanese Patent Publication Open to Public Inspection No. 6-32046 discloses a method In which a zirconium 
compound is combined with silica and modified polyvinyl alcohol. 

[0016] Further, European Patent No. 754,560 discloses that a water-soluble binder, a pigment, a zirconium com- 

5 pound, and a cationic polymer are employed in combination. 

[0017] However, it was discovered that when water-soluble polyvalent metal salt, as above, were incorporated, prob- 
lems occurred in which, when the added amount increased so as to obtain sufficient effects to minimize bleeding as 
well as to enhance water resistance, bronzing tended to occur. Further, it was also discovered that even though said 
basic polyaluminum hydroxide and zirconium oxychlorlde salts did not result in said problems, problems tended to 

10 occur In which the color of fomied images tended to vary during storage after printing. 

[0018] Namely, it was clarified that when an ink jet recording sheet comprising basic polyaluminum hydroxide and 
zirconium oxychlorlde In Its Ink absorptive layer was printed at high humidity, color variation tended to be greater 
compared to that printed at low humidity. As a result. Immediate Improvement has been demanded. 
[0019] EP-A-081 8322 discloses an ink-jet recording sheet comprising a non-water absorptive support having thereon 

IS an Ink-absorptive layer comprising polyvinyl alcohol, a cationic polymer, and a compound containing an aluminium 
atom. 

[0020] Similariy, EP-A-01 99874 describes an ink-jet recording sheet comprising a non-water absorptive support hav- 
ing thereon an Ink-absorptive layer comprising polyvinyl alcohol, a cationic polymer, and compounds containing either 
zirconium atoms and/or aluminium atoms. 
20 [0021] US-A-45541 81 relates to an ink-jet recording sheet comprising a non-water absorptive support having thereon 
an ink-absorptive layer comprising polyvinyl alcohol, a cationic polymer, and a compound containing either zirconium 
or aluminium atoms. 

SUMMARY OF THE INVENTION 

25 

[0022] From the viewpoint of the foregoing, the present invention was achieved. An object of the present invention 
Is to provide an ink jet recording sheet which exhibits minimized bleeding during storage after printing and improved 
water resistance under an application of water-soluble dyes, 

and exhibits excellent stability of color reproduction with respect to ambient humidity variation during printing. 
30 [0023] Said object of the present invention was achieved employing the embodiments described below. 

1. An Inkjet recording sheet comprising a non-water absorptive support having thereon an ink absorptive layer 
comprising 

35 (i) polyvinyl alcohol, 

(ii) a cationic polymer, and 

(III) a compound containing a zirconium or aluminum atom other than zirconium oxide and aluminum oxide, 

wherein a surface pH of said ink absorptive layer is 4 to 6 measured 30 minutes after receiving a water based ink 
40 of pH range 6 to 9 jetted from an ink jet printer in an amount of 20 ml/m^. 

2. The ink jet recording sheet of item 1 , wherein an average molecular weight of the cationic polymer Is between 
5,000 and 100,000. 

3. The ink jet recording sheet of items 1 or 2, wherein the compound containing a zirconium atom Is selected from 
the group consisting of zirconyl cariaonate, ammonium zirconyl cartDonate, zirconyl acetate, zirconyl nitrate, zirco- 

45 nium oxychloride, zirconium lactate, and zirconyl citrate. 

4. The Inkjet recording sheet of Items 1 or 2, wherein the compound containing an aluminum atom is selected 
from the group consisting of aluminum chloride, basic aluminum chloride, aluminum sulfate, basic aluminum sul- 
fate.'and basic aluminum sulfate silicate. 

5. The ink jet recording sheet of any of items 1 to 4, wherein the surface pH of said ink absorptive layer is 4.5 to 
50 5.5 measured 30 minutes after receiving a water based ink of pH range 6 to 9 jetted from an ink jet printer in an 

amount of 20 ml/m2. 

6. The ink jet recording sheet of any of items 1 to 5, wherein the ink absorptive layer is a porous layer 

7. The ink jet recording sheet of any of items 1 to 6, wherein said ink absorptive layer comprises boric acid or a 
salt thereof in an amount of 2 to 30 millimol per m2 of said ink absorptive layer, and a surface pH of said ink 

55 ^ absorptive layer prior to receiving ink is from 3.5 to 5.5. 

8. The Inkjet recording sheet of any of Items 1 to 7, wherein said cationic polymer Is represented by Formula (1), 
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Formula {X) , 



wherein R represents a hydrogen atom or an alkyl group; , R2, and R3 each represent an alkyi group or a benzyl 
group; J represents a bond or a divalent organic group; X represents an anion group. 

9. The ink jet recording sheet of any of items 1 to 8, wherein said ink absorptive layer comprises at least two Ink 
IS absorptive layers, wherein said cationic polymer In said Ink absorptive layer farthest from said non-water absorptive 

support comprises a repeating unit represented by Formula (1 ), 



Formula (1) , 

20 



1+ 
Bs 

wherein R represents a hydrogen atom or an alkyl group; , Rg, and R3 each represent an alkyl group or a benzyl 
30 group; J represents a bond or a divalent organic group; X represents an anion group. 

10. The ink jet recording sheet of any of items 1 to 9, 

wherein the ink absorptive layer comprises said compound in an amount of 0.1 to 5 mg/m^. 

[0024] The inventors of the present invention perfonned diligent investigations to overcome said problems. As a 
35 result, it was discovered that by incorporating polyvinyl alcohol, specified cationic polymers, and specified compounds 
comprising zirconium or aluminum atoms, it was possible to minimize bleeding and improve water resistance without 
the resulting bronzing. Further, It was also discovered that the layer surface pH of said ink absorptive layer was closely 
related to color variation due to humidity variation, and by adjusting said layer surface pH in the range of 4 to 6, color 
reproducibility at varied humidity, especially at high humidity was greatly improved. Based on said discoveries, the 
40 present Invention was achieved. 

DETAILED DESCRIPTION OF THE INVENTION 

[0025] The present invention will now be detailed. An ink jet recording sheet of the present Invention comprises a 
45 support having thereon an Ink absorptive layer comprised of polyvinyl alcohol, a cationic polymer, and a compound 
selected from the group of compounds containing a zirconium atom or an aluminum atom with excluding zirconium 
oxide and aluminum oxide, and the surface pH of the Ink jet sheet after printed with an Ink jet printer is from 4 to 6, as 
defined in Claim 1 , 

50 <Polyvinyl alcohol> 

[0026] Polyvinyl alcohol Incorporated into the ink jet recording sheet of the present invention will now be described. 
[0027] Polyvinyl alcohol employed in the present invention include common polyvinyl alcohol prepared by hydrolyzing 
polyvinyl acetate, and In addition, modified polyvinyl alcohol such as temninal cation-modified polyvinyl alcohol and 
55 anion-modified polyvinyl alcohol having an anionic group. 

[0028] The average degree of polymerization of polyvinyl alcohol prepared by hydrolyzing vinyl acetate is preferably 
1 ,000 or more, and Is more preferably from 1 ,500 to 5,000. Further, the saponification ratio is preferably from 70 to 
1 00 percent, and Is more preferably from 80 to 99.5 percent. 
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[0029] Further, various types of polyvinyl alcoholsjn which the degree of polymerization, the degr^^ 

or modification is different, may be employed In combination of at least two types. 

[0030] The amount of polyvinyl alcohol Is preferably 0.5 to 10 g per 1 m2 of the Ink jet recording sheet. 

[0031] In addition to said polyvinyl alcohols, hydrophilic polymers may be incorporated into the Ink absorptive layer 

5 of the Ink jet recording sheet of the present Invention. 

[0032] Listed as examples of said hydrophilic polymers may be, for example, gelatin, polyethylene oxide, polyvi- 
nylpyrrolidone, casein, starch, agar, carrageenan, polyacrylic acid, polymethacrylic acid, polyacryi amide, polymeth- 
acrylamide, polystyrene sulfonic acid, cellulose, carboxymethyl cellulose, hydroxyethyl cellulose, dextran, and pullulan. 
The added amount of these hydrophilic polymers may be preferably In the range of 0 to 50 percent by weight with 

10 polyvinyl alcohol, and may be most preferably in the range of 0 to 20 percent by weight. 

<Cationic polymers> 

[0033] The catlonic polymers employed in the ink jet recording sheet of the present invention will now be described. 

IS [0034] The catlonic polymers employed in the ink jet recording sheet of the present invention are not specifically 
limited. Conventionally known cationic polymers used in ink jet recording sheets can be used. 
[0035] Listed as examples of cationic polymers having a quaternary ammonium salt group employed in claim 1 of 
the present Invention may be cationic polymers having a guanydyl group described in Japanese Patent Publication 
Open to Public Inspection No. 57-64591 , dlmethyidialiylammonium chloride described in Japanese Patent Publication 

20 open to Public Inspection No. 59-20696, polyaminesulfones described in Japanese Patent Publication Open to Public 
Inspection No. 59-331 76, acrylic acid alkyi quaternary ammonium salts or methacrylic acid alkyi quaternary ammonium 
salts, or acrylamide alkyi quatemary ammonium salt type or methacrylamide alkyi quaternary ammonium salt type 
cationic polymers described in Japanese Patent Publication Open to Public Inspection No. 63-115780, copolymers of 
dimethylallylammontum chloride and acrylamide described in Japanese Patent Publication Open to Public Inspection 

25 Nos. 64-9776 and 64-75281 , cationic polymers containing at leasttwo quaternary nitrogen atoms in the repeating units 
described in Japanese Patent Publication Open to Public Inspection No.3-1 33686, polyvinytpyn-olidone having a qua- 
ternary ammonium salt group described in Japanese Patent Publication Open to Public Inspection No. 4-288283, 
cationic polymers prepared by allowing secondary amine to react with epihalohydrin described in Japanese Patent 
Publication Open to Public Inspection Nos. 6-92010 and 6-234268, polystyrene type cationic polymers described in 

30 International Patent Publication Open to Public Inspection No. 99-64248, and cationic polymers comprised of repeating 
units having at least two cationic groups described In Japanese Patent Publication Open to Public Inspection No. 
11-348409. 

[0036] Preferred cationic polymers used In the present Invention have a repeating unit represented by Fomriula I. 
[0037] R is preferably a methyl group. Preferable alkyI groups represented by R.,, Rg, and R3 are a methyl group, 
35 an ethyl group or a benzyl group. A preferable divalent organic group represented by J is -CON(R')-, in which R' 
represents a hydrogen atom or an alkyi group. 

[0038] Examples of an anion represented by X are; a halogen ion, an acetoxyl ion, a methyl sulfate ion and p- 
toluenesulfonate ion. 

[0039] Preferred cationic polymers may be homopolymers having a repeating unit represented by Formula 1, and 
40 also may be copolymers with a monomer which can polymerize. Examples of monomers which can polymerize to form 
copolymers are those having other cation unit than that represented by Formula I and monomers without a cation unit. 
[0040] Listed as specific examples of monomers having a cation group are as follows. 



''^ — (CH2— CH) — ^CHa CH3 

COOC2H4— N-CH3 — (CH2— C) — CH3 

CH3 COOC2H4— N-CH3 

CI 
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CH3 CH3 

-(CH.-C)- ^CH3 -(CH.-.C)- CH3 

COOC3H6-N-CH3 COOC2H4-N-CH2-/ J 

CH3 CH3 

cf cf 



CH3 — (CH2~CH) — 

— (CH2-C)— ^CH3 

COOC2H4— N-CH2CH2OH 

CH3 N CI 

Cl" 




— (CH2-CH)— 

cf cf 



[0041] Examples of repeating units which do not contain a catlonic group are; ethylene, styrene, butadiene, methyl 
methacrylate, ethyl methacrylate, propyl methacrylate, butyl methacrylate, octyl methacrylate, methyl acrylate, ethyl 
acrylate, propyl acrylate, butyl acrylate. octyl acrylate, hydroxyethyl methacrylate, acrylamide, vinyl acetate, vinyl me- 
thyl ether, vinyl chloride, 4-vinylpyridlne, N-vinylpyrrolidone, N-vinylimidazole and acrylonitrile. 
[0042] When catlonic polymers have a repeating unit represented by Fomiula I, the content ratio of said repeating 
units is preferably at least 20 mol percent of said catlonic polymers, and is more preferably 40 to 1 00 mol percent. 
[0043] Specific examples of the catlonic polymers having a repeating group are illustrated below. The present in- 
vention is not limited by these examples. 



— (CH2-CH)- 

a 

N 

I 

CH3 



P-1 p-2 

— (CH2— CH),oo— — (CH2— CH)ioo— 





*^CH2 -N-CH, 



CHz-N-CHj ^CH2-N-CH2- , , 

CH3 cr ^ W 
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P-3 



P-4 



(CH2— CH)too-- — (CH2— CH),oo- 

CONH 



cr 




CH2-N-CH2CH2OH 






CH3 

— (CH2— C)40— 

COOC4H9 



P-8 CH3 CH3 

— (CH2-CH)8o— --(CH2-C)s— -_(CH2-C)n5-- 
j-An COOC2H4OH COOCH3 

11^ CH3 

C,- CH2-N-CH3 
CH3 



P-9 



— (CH2-CH)8o— — (CH2-CH)2o— 

C00C4H9(n) 




CH3 
1 + 

CH2--N-CH3 
CI C2H5 
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CH3 CH3 

(CH2-CH)55— — (CH2-C)io — (CH2-C)3S— 

COOC2H4OH COOCH3 




CH3 
1 + 

CH2— N-CH3 
10 C2H5 



P-11 



15 



20 



(CH2-CH)75— — (CH2-CH)25— 

COOC2H5 



I 

CONH 




CI 



CH3 
1 + 



CHa— N-CHj 



CjHs 



25 



30 



45 



SO 



P-12 

— (CH2-CH)bs— ^. — (CH2-CH)i5— 




CH2— N-CH2— ^ y 
cr C2H5 




35 P-13 

— (CH2-CH)8o— — (CH2-CH)io— — (CHj-CHho 

COOC2H5 

U V J CH3 

CH2— N-CH3 
cr CjHs 




P-14 — (CH2-CH)7s — — (CH2-CH)is— — (CHj-CHho — 

COOC2H4OH 




ssi\ 1 + 
CH2-N-CH3 

CHa 
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P-15 — (CH2-CHho- — {CH2-CH>2o- ~(CH2-CH)io— 

COOC2H4OH 



1+ 

CHa— N-CH3 
Cf C2H5 



P-16 — -(CHs-CH)*- — (CH2-CH)io-- 

CH2— N-CH3 

CI CaHs 



P-17 — (CH2-CH)9o— 




(CH2-CH)io- 
OCH3 



CI 



CH2— N-CH2— 



C2H5 



P-18 




— (CH2-CH)2o- 
COOC4H9 



CI 



C2H5 



P-19 CH3 CH3 

(CH2-CH)4S — CH3 — (CH2-C)55 

COOC2H4— NicH3 COOC2H4C4H9(n) 



[0044] The average molecular weight of catlonic polymers according to the present invention is preferably In the 
range of 3,000 to 200,000, and is more preferably in the range of 5,000 to 100,000. 

[0045] The average molecular weight, as described herein, refers to the number average molecular weight, and also 
refers to ethylene glycol converted values obtained employing gel permeation chromatography 
[0046] The amount of catlonic polymers employed in the present Invention Is commonly In the range of 0.1 to 10 g 
per IT? of said recording sheet, and Is preferably from 0.2 to 5 g. 
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<Compouncis containing a zirconium atom or an aluminum atom> 

[0047] Compounds containing a zirconium atom or an aluminum atom employed in the present invention are detailed. 
[0048] The compounds (however, excluding zirconium oxide and aluminum oxide) containing a zirconium atom or 
an aluminum atom may be either water-soluble or non-water soluble, as long as those can be uniformly incorporated 
into said inl< absorptive layer 

[0049] Said compounds containing a zirconium atom or an aluminum atom, which are usable in the present invention, 
may be any of the single or double salts of Inorganic or organic acids, organic metal compounds, or metal complexes. 
[0050] Listed as specific examples of zirconium atom containing compounds which are usable in the present invention 
are zirconium dlfluoride, zirconium trifluoride, zirconium tetrafluoride, hexafluorozirconate (for example, potassium 
salts), heptafiuorozirconate (for example, sodium salts, potassium salts, and ammonium salts), octafluorozlrconate 
(for example, lithium salts), zirconium fluoride oxide, zirconium dichloride, zirconium trichloride, zirconium tetrachloride, 
hexachlorozirconate (for example, sodium salts and potassium salts), zirconium oxychloride (zirconyl chloride), zirco- 
nium dibromide, zirconium tribromide, zirconium tetrabromide, zirconium bromide oxide, zirconium triiodide, zirconium 
tetralodide, zirconium peroxide, zirconium hydroxide, zirconium sulfide, zirconium sulfate, zirconium p-toluenesul- 
fonate, zirconyl sulfate, sodium zirconyl sulfate, acidic zirconyl sulfate trihydrate, potassium zirconyl sulfate, zirconium 
selenate, zirconium nitrate, zirconyl nitrate, zirconium phosphate, zirconium carbonate, ammonium zirconyl carbonate, 
zirconium acetate, zirconyl acetate, ammonium zirconyl acetate, zirconyl lactate, zirconyl citrate, zirconyl stearate, 
zirconium phosphate, zirconyl phosphate, zirconium oxalate, zirconium isopropionate, zirconium butyrate, zirconium 
acetylacetonate, acetyl acetone zirconium butyrate, zirconium stearate butyrate, zirconium acetate, and bis(acetylac- 
etonato)dichlorozirconium, and tris(acetylacetonato)chlorozirconium. 

[0051 J Of these compounds containing a zirconium atom, prefered are zirconyl carbonate, ammonium zirconyl car- 
bonate, zirconyl acetate, zirconyl nitrate, zirconium oxychloride, zirconium lactate, and zirconyl citrate. Most prefen-ed 
compounds are ammonium zirconyl carbonate and zirconyl acetate. 

[0052] Listed as specific examples of aluminum atom containing compounds which are usable in the present Invention 
are aluminum fluoride, hexafluoroaluminate (for example, potassium salts), aluminum chloride, basic aluminum chloride 
(polyaluminum chloride), tetrachloroaluminate (for example, sodium salts), aluminum bromide, tetrabromoaluminate 
(for example, potassium salts), aluminum iodide, aluminate (for example, sodium salts, potassium salts, and calcium 
salts), aluminum chlorate, aluminum perchlorate, aluminum thiocyanate, aluminum sulfate, basic aluminum sulfate, 
aluminum sulfate potassium (alum), ammonium aluminum sulfate (ammonium alum), sodium sulfate aluminum, alu- 
minum phosphate, aluminum nitrate, aluminum hydrogenphosphate, aluminum cariDonate, polyaluminum sulfate sili- 
cate, aluminum formate, aluminum acetate, aluminum lactate, aluminum oxalate, aluminum isopropionate, aluminum 
butyrate, ethyl acetate aluminum diisopropionate, aluminum tris(acrtylacetonate), aluminum tris(ethylacetoacetate), 
and aluminum monoacetylacetonatebis(ethylacetoacetate). 

[0053] Of these, preferred are aluminum chloride, basic aluminum chloride, aluminum sulfate, basic aluminum sul- 
fate, and basic aluminum sulfate silicate. 

[0054] Said compounds containing a zirconium atom or an aluminum atom may be incorporated Into an ink absorptive 
layer fomiing coating composition. The resulting coating composition is coated and subsequently dried. Alternatively, 
after coating and drying a porous layer, said compounds may be incorporated into said ink absorptive layer, employing 
an overcoating method. 

[0055] Said compounds containing a zirconium atom or an aluminum atom are dissolved in water, organic solvents, 
or a solvent mixture consisting of water and said organic solvents are dispersed into fine particles, employing a wet 
crushing method such as a sand mill or a method such as emulsifying dispersion. The resulting solution or dispersion 
may be added to an ink absorptive layer forming coating composition. When said ink absorptive layer is comprised of 
a plurality of layers, the resulting solution or dispersion may be added to only one layer, at least two layers or coating 
compositions forming all layers. 

[0056] Further, when after forming a porous ink absorptive layer, said compounds are added employing said over- 
coating method, it is preferable that they are uniformly dissolved in solvents and the resulting solution is then added. 
[0057] The used amount of said compounds containing a zirconium atom or an aluminum atom is generally in the 
range of 0.01 to 5 mg per m^ of the ink jet recording sheet, is preferably in the range of 0.05 to 2 mg, and is most 
preferably in the range of 0.1 to 1 mg. 

[0058] Said compounds may be employed in combination of at least two types. In this case, zirconium atom containing 
compounds may be employed in combination of at least two types, aluminum containing compounds may be employed 
in combination of at least two types, or compounds containing a zirconium atom and compounds containing an alumi- 
num atom may be employed in combination. 
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(Layer Surface pH) 

[0059] In the Invention according to clalnfi 1 , one of the characteristics is thatthe layersurface pH of said Ink absorptive 
layer after printing is from 4 to 6. Further, in the invention according to claim 7, one of the characteristics is that the 

5 layer surface pH of said Ink absorptive layer prior to printing is from 3.5 to 5.5. 

[0060] When the layer surface pH of said ink absorptive layer after printing is less than 4, bronzing on the Ink ab- 
sorptive layer surface tends to occur. Further, when said pH exceeds 6, the effects of the present invention are dete- 
riorated in such a mannerthat color variation due to ambient humidity variation Is enhanced. The particularly preferred 
layer surface pH after printing is from 4.5 to 5.5. 

10 [0061] The layer surface pH, as described herein, is the value detemnined employing the method specified in J. 
TAPPI Paper Pulp Test Method No. 49-86. A 50 ^1 pure water droplet, having a pH of 6.2 to 7.3. is allowed to drip onto 
the ink absorptive layer surface of the print prepared by printing solid images utilizing a black ink, and the resulting pH 
Is detemnined while pressing a flat electrode. 

[0062] It is possible to adjust the layer surface pH after printing to the layer surface pH range specified in the present 
Invention by suitably adjusting the layer surface pH of the Ink absorptive layer, prior to printing, or by suitably adding 
an acid buffer into the ink absorptive layer. 

[0063] In the present invention, the preferred layer surface pH of the ink absorptive layer prior to printing is from 3.5 
to 5.5. 

[0064] Generally, In order to minimize coagulation of acidic dyes, the pH of ink Is often beyond the acidic region, and 
20 the pH is commonly from about 6 to about 9. However, when ink, having such a relatively high pH, is employed, the 
layersurface pH after printing tends to increase. As a result, the layer surface pH after printing exceeds 6. 
[0065] When the layer surface pH after printing exceeds 6, said color variation tends to occur due to ambient humidity 
variation during printing. At present, the cause is not clear, but the reason described below may be considered as one 
of causes. 

25 [0066] Namely, it is assumed that, generally, compounds containing zirconium or aluminum atoms tend to form their 
oxides in the region of relatively high pH . It is also assumed that fonned zirconium or aluminum oxides somewhat affect 
devitrification of said layer and since each of yellow, magenta, and cyan dyes is fixed at positions of different depth, 
said devitrification resulting in the entire ink absorptive layer Is a factor resulting in color variation. Further, It is also 
assumed that when ambient humidity varies during printing, the evaporation rate of water in Ink varies, and as a result, 

30 the hysterisis of water content variation in the layer differs, resulting in a difference in the formed amount of oxides as 
well as shape (such as the particle diameter), followed by resulting in color variation. 

[0067] As a mechanism of the improvement of the present invention, it is assumed that oxide formation after printing, 
as above, is minimized, and as a result, effects are exhibited which minimize said color variation. In order to effectively 
minimize oxide formation after printing, maintaining the layer surface of the ink absorptive layer at a low pH is an 
35 effective means while taking into account said assumption, and adjusting the layer surface pH to no higher than 6 Is 
a particulariy effective means. 

[0068] Further, another effective means Is that a pH buffer, which functions as an acid, is incorporated so that when 

an ink having a relatively high pH Is absoriaed. It is possible to minimize an increase In the layersurface pH after printing. 

[0069] pH buffer agents are preferably weak acids and include, for example, boric acid, carbonic acid or various 
40 types of organic acids. Of these, carbonic acid is not useful because it tends to generate carbon dioxide gas at low pH 

levels and tends to result in various problems during preparation of coating compositions as well as during coating. 

Listed as preferred weak acids are boric acid as well as organic acids. Listed as said organic acids may be, for example, 

various types of organic acids such as non-volatile phthalic acid, terephthalic acid, salicylic acid, benzoic acid, sebacic 

acid, lauric acid, palmitic acid, citric acid, malic acid, lactic acid, succinic acid, oxalic acid, polyacrylic acid, and benzilic 
45 acid. Said various types of weak acids may be employed individually, or sodium or potassium salts thereof may be 

partly employed. Boric acid, or salts thereof, and organic acids, or salts thereof, may be incorporated into said ink 

absorptive layer in an amount of 2 to 20 mllllmol per m2. 

[0070] Boric acid Is preferably used in the present invention. 

[0071] Boric acid and salts thereof, employed in the present invention, refer to oxygen acid having a boron atom as 
50 the central atom and/or salts thereof, and specifically Include orthoboric acid, diboric acid, metaboric acid, tetraboric 
acid, pentaboric acid, and octaboric acid, and salts thereof. 

[0072] The amount of boric acid and/or salts thereof used varies and depends on the types of polyvinyl alcohol, the 
types of cross-linking agents, the types of fine inorganic particles, and the ratio with respect to polyvinyl alcohol. How- 
ever said used amount is commonly from 5 to 500 mg per g of said polyvinyl alcohol, and Is preferably from 1 0 to 300 mg. 

55 

<Components of the ink jet recording sheet> 

[0073] The other components which are Incorporated in the Ink jet recording sheet of the present Invention will be 
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described below. 

[0074] The ink absorptive layer of the present Invention may be so called a swelling type and a void type. 

A swelling type Ink absorptive layer comprises a hydrophliic binder as a main portion, and a void type ink absorptive 

layer comprises a small amount of binder and a large amount of fine particles. In order to achieve high ink absorptivity, 

s a void type ink absorptive layer is preferred in the present invention, 

[0075] The fine particles used In the void type ink absorptive layer of the present invention are preferably inorganic 
fine particles by considering the properties to yield high color density and forming small particles. 
[0076] fine inorganic particles employed in the ink jet recording sheet of the present invention will now be described. 
[0077] Employed as said fine inorganic particles my be various types of fine solid particles conventionally known in 

10 the art of ink jet recording sheets. 

[0078] Cited as examples of said fine inorganic particles may be white inorganic pigments such as precipitated cal- 
cium carbonate, heavy calcium carbonate, magnesium carbonate, kaolin, clay, talc, calcium sulfate, barium sulfate, 
titanium dioxide, zinc oxide, zinc hydroxide, zinc sulfide, zinc carbonate, hydrotalcite, aluminum silicate, diatomaceous 
earth, calcium silicate, magnesium silicate, synthetic non-crystalline silica, colloidal silica, alumina, colloidal alumina, 

IS pseudo boehmite, aluminum hydroxide, lithopone, zeolite, and magnesium hydroxide. 

[0079] Said fine particles may be employed in such a state that primary particles are unifonnly dispersed in binders 
without any modification, or in such a state that secondary coagulated particles are fomied which are dispersed into 
the binders. However, the latter is preferred. 

[0080] The shape of said fine inorganic particles is not particularly limited and may be spherical, cylindrical, acicular, 

20 tabular, or rosary-shaped. 

[0081] The average diameter of the primary particles of said fine inorganic particles is preferably from 3 to 30 nm. 
[0082] When fine primary particles, having a diameter of 30 nm or more, are employed, it is difficult to obtain clear 
and bright images due to a decrease in glossiness of the recording sheet or a decrease in maximum density due to 
diffused surface reflection. The lower limit of the average diameter of said primary particles Is also not particularly 

25 limited, but from the viewpoint of producing said particles, the diameter is commonly at least about 3 nm, and is pref- 
erably at least 6 nm. 

[0083] The average diameter of said fine particles may be obtained as follows. Said particles themselves, or the 
cross-section or surface of a void layer, is observed employing an electron microscope, and each diameter of many 

randomly selected particles is determined. The simple average (being the number average) is obtained as the diameter 
30 of said particles based on the determined diameter. Herein, each particle diameter is represented by the diameter of 
the circle having the same projection area as that of said particle. 

[0084] Composite particles comprised of fine inorganic particles and a small amount of organic materials (which may 
be either lower molecular weight compounds or polymers) are basically designated as the fine inorganic particles 
according to the present invention. Even in this case, the diameter of the highest order particles observed in the dried 
35 layer is determined as that of the fine inorganic particles. 

[0085] The ratio of organic materials/fine inorganic particles in said composite particles comprised of fine inorganic 
particles and a small amount of organic materials is generally from 1/100 to 1/4. 

[0086] Preferred as the fine inorganic particles according to the present invention are those which are less expensive, 
have a low refractive index from the viewpoint of being capable of producing a high reflection density. Of those, silica, 
40 especially silica synthesized employing a gas phase method or colloidal silica, is more preferred. 

[0087] Further, it is possible to employ cation surface-treated silica synthesized employing a gas phase method, 
cation surface-treated colloidal silica and alumina, colloidal alumina, and pseudo boehmite. 

[0088] The added amount of fine inorganic particles, employed in the Ink absorptive layer, varies largely depending 
on the desired ink absorption capacity, the void ratio of the void layer, the types of fine inorganic particles, and the 
45 types of hydrophliic binders, but is generally from 3 to 30 g per rrfi of the recording sheet, and is preferably from 5 to 
25 g. The ratio of fine inorganic particles to polyvinyl alcohol, employed in said ink absorptive layer, is generally from 
2 : 1 to 20 : 1 , and is preferably from 3 : 1 to 10 : 1 . 

[0089] Supports employed in the recording sheet of the present invention will now be described. 
[0090] Employed as supports of the ink jet recording sheet of the present Invention is a non-water absorptive support. 
50 When a water absorptive support is employed, a compound containing a zirconium atom or an aluminum atom which 
fomis an ink absorptive layer may diffuse into the support during layer making or during storage. As a result, the effect 
of the present invention cannot be fully achieved. 

[0091 ] Listed as non-water absorptive supports are plastic resinous film supports and supports prepared by covering 
both sides of paper with a resinous film. 
55 [0092] Listed as plastic resinous film supports are polyester film, polyvinyl chloride film, polypropylene film, cellulose 
triacetate film, and polystyrene film, or film supports obtained by laminating any of these. Of these plastic resinous 
films, either transparent or translucent supports may be employed. 

[0093] In the present invention, non-water absorptive supports are used, which result in no wrinkling during printing. 
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Particularly preferred supports are those prepared by covering both sides of the paper base with plastic resins, and 
the most preferred supports are those prepared by covering both sides of the paper base with polyolefin resins. 
[0094] The supports prepared by covering both sides of said paper with polyolefin resins will now be described, which 
are preferably employed In the present Invention, 

5 [0095] Paper ennployed in the supports of the present invention is made employing wood pulp as the main raw 
material and in addition, if desired, synthetic pulp such as polypropylene and synthetic fibersuch as nylon and polyester 
Employed as said wood pulp may be any of LBKP, LBSP, NBKP, NBSP, LDP, NDP. LUKP, and NUKR However, it is 
preferable that LBKP. NBSP, LBSP, NDP, and LDP comprising short fiber component in a relatively large amount are 
preferably employed in a larger amount. Incidentally, the ratio of LBSP and/or LDP is preferably from 1 0 to 70 percent. 

10 [0096] Preferably employed as said pulp is chemical pulp (sulfate pulp and sulfite pulp) comprising minimal impurities. 
Further, also useful is pulp which has been subjected to a bleaching treatment to Increase its whiteness. 
[0097] Suitably incorporated Into said paper may be sizing agents such as higher fatty acids and alkylketene dimer; 
white pigments such as calcium carbonate, talc, and titanium oxide; paper strength enhancing agents such as starch, 
polyacrylamide, and polyvinyl alcohol; optical brightening agents; moisture retention agents such as polyethylene gly- 

15 cols; dispersing agents; and softeners such as quaternary ammonium. 

[0098] The degree of water freeness of pulp employed for paper making is preferably between 200 and 500 ml 
according to CSF Specification. Further, the sum of the weight percent of 24-mesh residue and the weight percent of 
42-mesh calculated portion regarding the fiber length after beating, specified in JIS P 8207, is preferably between 30 
and 70 percent. Further, the weight percent of 4-mesh residue Is preferably 20 percent by weight or less. 

20 [0099] The weight of said paper is preferably from 50 to 250 g/m^, and Is most preferably from 70 to 200 g. The 
thickness of said paper is preferably from 50 to 210 |im. 

[0100] During the paper making stage, or alternatively after paper making, said paper may be subjected to a calen- 
dering treatment resulting in excellent smoothness. The density of said paper Is generally from 0.7 to 1 .2 g/rrfi (JIS P 
8118). Further, the stiffness of said paper is preferably from 20 to 200 g under the conditions specified in JIS P 8143. 
25 [0101] Surface sizing agents may be applied onto the paper surface. Employed as said surface sizing agents may 
be the same as those above, capable of being incorporated into said base paper. 

[01 02] The pH of said paper, when detemnined employing a hot water extraction method specified in JIS P 81 1 3, is 
preferably from 5 to 9. 

[0103] Polyolefin resins, which cover both sides of said paper, will now be described. 
30 [0104] Preferably employed as polyolefin resins to achieve said purposes are polyethylene, polypropylene, 
polylsobutylene, and polyethylene. Of these, polyolefins such as copolymers comprised of propylene as the main 
component are preferred, and polyethylene is particularly prefen-ed. 
[0105] The particularly preferred polyethylene will now be described. 

[0106] Polyethylene, which covers both surfaces of paper, is mainly comprised of low density polyethylene (LDPE) 
35 and/or high density polyethylene (HDPE), but it is also possible to partially employ LLDPE and polypropylene. 

[0107] Specifically, rutile or anatase type titanium dioxide Is preferably Incorporated into the. polyolefin layer on the 
coating layer side so as to Improve opacity as well as whiteness. The content ratio of said titanium oxide is commonly 
from 1 to 20 percent with respect to the polyolefin, and is preferably from 2 to 15 percent. 

[0108] High heat resistant color pigments and optical brightening agents for adjusting white background may be 
40 Incorporated into said polyolefin layer. 

[0109] Listed as said color pigments are ultramarine, Prussian blue, cobalt blue, phthalocyanine blue, manganese 
blue, cerulean, tungsten blue, molybdenum blue, and anthraqulnone blue. 

[0110] Listed as said optical brightening agents are dialkylaminocoumarin, bisdimethylamlnostllbene, blsmethylami- 
nostilbene, 4-alkoxy-1 ,8-naphthalenenedicaroxylic acid-N-alkyklimide, bisbenzoxazolylethylene, and dialkylstilbene. 

45 [0111] The amount of polyethylene used on both surfaces of paper is selected so as to optimize curling at low and 
high humidity after providing an Ink absorptive layer as well as a backing layer. The thickness of the polyethylene layer 
on the Ink absorptive layer side is generally in the range of 15 to 50 fim, while said thickness on the backing layer side 
is generally from 1 0 to 40 ^m. It is preferable that the ratio of polyethylene on the front surface to that on the opposite 
surface is determined to optimize curling which varies depending on the type and thickness of the Ink receptive layer 

50 and the thickness of the core paper. Said polyethylene ratio of the front surface/opposite surface is generally from 
about 3/1 to about 1/3 in terms of the thickness. 

[01 1 2] Further, It Is preferable that said polyethylene coated support exhibits characteristics (1 ) through (7), described 
below. 

55 (1) Tensile strength is preferably from 2 to 30 kg in the longitudinal direction and from 1 to 20 kg in the lateral 

direction. In terms of the strength specified in JIS P 8113. 

(2) Tear strength is preferably from 20 to 300 g in the longitudinal direction and from 10 to 250 g in the lateral 
direction, in terms of the strength specified In JIS P 8116. 
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(3) Compressive elasticity modulus is preferably at least 9.8 kN/cm^. 

(4) Opacity is preferably at least 80 percent and is most preferably from 85 to 98 percent, when determined em- 
ploying the method specified in JIS P 8138. 

(5) Preferable whiteness of L*. a*, and b*. specified in JIS Z 8727, are to be in the following range: L* from 80 to 
96; a* from -3 to +5; and b* from -7 to +2. 

(6) Clark stiffness of the support is preferably from 50 to 300 cm2/i 00 in the recording sheet conveying direction 

(7) Moisture of said paper Is to be from 4 to 1 0 percent with respect to the core paper. 

(8) Glossiness (75-degree specular glossiness) of the support, on which the ink receptive layer is provided is 
preferably 1 0 to 90 percent. 

[0113] The ink absorptive layer of the present Invention may be a single layer or comprises multiple layers Multiple 
layers are pref en-ed because they show a smaller change of color density caused by the atmospheric humidity variation. 
One of the embodiments of the present invention has an Ink absorptive layer composed of at least two layers and the 
layer from the non-water absorptive support contains a cationic polymer having a repeating group represented bv 
Fomnulal. ^ r r- j 

[0114] The ink jet recording sheet of the present invention may comprise hardeners. 

[01 1 5] Generally hardeners are compounds having a group capable of reacting with polyvinyl alcohol or compounds 
which accelerate the reaction between different groups incorporating polyvinyl alcohol. Listed as such hardeners are 
epoxy based hardeners (dlglycidyl ethyl ether, ethylene glycol diglycidyl ether. 1 ,4-butanediol diglycldyl ether, 1 ,6-dig- 
lycidylcyclohexane, N.N-glycidyl-4-glycldyloxyaniline, sorbitol poiyglycldyl ether, and glycerol polyglycldyl ether)' alde- 
hyde based hardeners (fomialdehyde and glyoxal), active halogen based hardeners (2.4-dichloro-4-hydroxy-1,3,5-s- 
trizlne), and active vinyl based compounds (1 ,3,5-trisacryloyl-hexahydro-s-trla2ine, bisvinylsulfonyl methyl ether), alu- 
minum alum, and isocyanate compounds. 

[0116] The amount of hardeners used varies, depending on the types of polyvinyl alcohol, the types of hardeners, 
the types of fine inorganic particles and the ratio with respect to polyvinyl alcohol. However, said amount is generally 
from 5 to 500 mg per g of the polyvinyl alcohol, and Is preferably from 1 0 to 300 mg. 

[01 17] In addition to said additives, various other additives may be incorporated into the ink absorptive layer as well 
as other layers provided, as required of the Ink recording sheet of the present Invention. 

[0118] The following various types of additives, known In the art, may also be incorporated: for example, polystyrene, 
polyacryllc acid esters, polymethacrylic acid esters, polyacrylamldes, polyethylene, polypropylene, polyvinyl chloride,' 
polyvinylidene chloride, or copolymers thereof; minute organic latex particles of urea resins or melamlne resins; various 
types of cationic or nonionic surface active agents; UV absorbers described In Japanese Patent Publication Open to 
Public Inspection Nos. 57-74193, 57-87988, and 62-261476; anti-fading additives described In Japanese Patent Pub- 
lication Open to Public Inspection Nos. 57-74192, 57-87989, 60-72785, 61-146591, 1-95091. and 3-13376; optical 
brightening agents described In Japanese Patent Publication Open to Public Inspection Nos. 59-42993, 59-52689, 
62-280069, 61 -242871 , and 4-21 9266; pH regulators such as sulfuric acid, phosphoric acid, citric acid, sodium hydrox- 
ide, potassium hydroxide, and potassium carbonate; antlfoaming agents, antiseptics, thickeners, antistatic agents, and 
matting agents, 

[0119] it Is possible to apply various types of ink absorptive layers and sublayers of the Ink jet recording paper of the 
present Invention, which are provided as required, onto a support, employing a method suitably selected from those 
known In the art. The preferred methods are such that the coating composition constituting each layer is applied onto 
a support and subsequently dried. In this case, it is possible to simultaneously apply at least two layers onto said 
support, and simultaneous coating is particularly prefen-ed in which all hydrophllic binder layers are simultaneously 
coated. 

[01 20] Employed as coating methods are a roll coating method, a rod bar coating method, an air knife coating method, 
a spray coating method, and a curtain coating method. In addition, preferably employed is the extrusion coating method 
employing a hopper, described in U.S. Pat. No. 2,681 ,294. 

[0121] When images are recorded employing the Inkjet recording sheet of the present invention, a recording method, 
employing a water-based ink. is preferably utilized. 

[0122] The water-based ink. as described herein, refers to a recording liquid comprised of colorants and liquid media 
described below, as well as other additives. Employed as said colorants are direct dyes, acidic dyes, basic dyes, 
reactive dyes, water-soluble food dyes, or water-dispersible pigments, which are known In the art of ink jet printing. 
[0123] Listed as solvents in said water-based ink are water and various water-soluble organic solvents, including for 
example, alcohols such as methyl alcohol, isopropyl alcohol, and butyl alcohol, tert-butyl alcohol, and Isobutyl alcohol; 
amides such as dimethylfomiamide and dimethylacetamide; ketones or ketone alcohols such as acetone and diacetone 
alcohol; ethers such as tetrahydrofuran and dioxane; polyalkylene glycols such as polyethylene glycol and polypropyl- 
ene glycol; polyhydric alcohols such as ethylene glycol, propylene glycol, butylene glycol, triethylene glycol, 1 ,2,6-hex- 
anetriol, thioglycol, hexylene glycol, diethylene glycol, glycerin, and triethanolamine; and lower alkyi ethers of polyhydric 
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alcohols such as ethylene glycol methyl ether, diethylene glycol methyl (or ethyl) ether, and triethylene glycol monobutyl 

[0124] Of these, preferred are polyhydric alcohols such as diethylene glycol, triethanolamine, and glycerin, and lower 
alky! esters of polyhydric alcohols such as triethylene glycol monobutyl ether. 

[01 25] Listed as other water-based ink additives are, for example, pH regulators, metal sequestering agents, fungi- 
cides, viscosity modifiers, surface tension controlling agents, wetting agents, surface active agents, and antlrustinq 
agents. 

[0126] In order to Improve the wettability of said water-based ink to said recording sheet, said water-based Ink gen- 
erally exhibits a surface tension In the range of 0.025 to 0.060 N/m at 20 ''C, and preferably in the range of 0.030 to 
0.050 N/m. The pH of said water-based ink Is preferably 5 to 10, and is more preferably 6 to 9. 

EXAMPLES 



[0127] The present invention will now be specifically described with reference to examples. However, the embodi- 
ments of the present Invention are not to be construed as being limited to these examples. Incidentally, "percent" In 
the examples is percent by weight unless othenwise specified. 

Example 1 



(Preparation of Support) 



[0128] Low density polyethylene, having a density of 0.92. was applied employing an extmsion coating method at a 
thickness of 35 jxm onto the rear surface of a 200 g/m2 weight photographic base paper, having a moisture content of 
6.0 percent. Subsequently, low density polyethylene, having a density of 0.92, comprising 5.5 percent of anatase type 
titanium oxide was applied at a thickness of 40 \m onto the surface employing a melt extrusion coating method, whereby 
a support, coated on both sides with polyethylene, was prepared. Subsequently, the surface side was subjected to 
corona discharge, and a sublayer comprised of polyvinyl alcohol was applied onto the resulting surface to achieve a 
coated weight of 0.03 g/m2. After applying said corona discharge to the rear surface, a latex layer was applied to 
achieve a coated weight of 0.1 2 g/m^. 



(Preparation of Recording Sheet 1) 
«Preparatlon of Silica Dispersion 1» 

[0129] Employing a jet stream-inductor mixer, TDS, manufactured by Mitamura RIken Kogyo Co., 160 kg of gas 
phase method silica, QS-20, (manufactured by Tokuyama), having an average primary article diameter of 12 nm, were 
suction-dispersed at room temperature into 480 L of pure water, having a pH of 3.0, adjusted with nitric acid, and 
subsequently, the total volume was adjusted to 600 L employing pure water. 



«Preparatlon of Silica Dispersion 2» 

[0130] While stirring, added to 15 L of an aqueous solution (at a pH of 4.0) comprising 2.12 kg of cationic polymer 
(Exemplified Example P-1 9), 2.2 L of ethanol, and 1 .1 L of n-propanol were 60.0 L of Silica Dispersion 1 . Subsequently, 
8.0 L of an aqueous solution, containing 80 g of borax, were added to the resulting mixture, followed by the addition 
of 200 ml of an aqueous solution containing 2 g of antlfoaming agent SN3B1 . manufactured by Sun Nobco Co. 
[0131] The resulting mixture was dispersed employing a high pressure homogenizer, manufactured by Sanwa Kogyo 
Co., Ltd., and the total volume was adjusted to 85 L, employing pure water, whereby Silica Dispersion 2 was prepared. 



«Preparation of Silica Dispersion 3» 



[0132] While stirring, added to 15 L of an aqueous solution (at a pH of 4.0) comprising 2.12 kg of cationic polymer 
(Exemplified Example P-1), 4.2 L of ethanol, and 1 .1 L of n-propanol were 60.0 L of Silica Dispersion 1 . Subsequently, 
8.0 L of an aqueous solution containing 80 g of borax were added to the resulting mixture, followed by the addition of 
5 g of anionic optical brightening agent Uvitex® NFW Liquid (manufactured by Ciba Specialty Chemical Co.). 
[0133] The resulting mixture was dispersed employing a high pressure homogenizer, manufactured by Sanwa Kogyo 
Co., Ltd., and the total volume was then adjusted to 85 L, employing pure water, whereby Silica Dispersion 3 was 
prepared. 
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«Preparation of Oil Dispersion 1 » 

[0134] 8.4 l<g of iight fastness improving agent ST-1 , 9.0 l<g of dilsodecyl phthalate. and 1 8 L of ethyl acetate were 
nnlxed and dissolved at 50 «'C. While stirring, the resulting solution was added to and mixed with 75 L of an aqueous 
solution containing. 3.5 kg of acid process gelatin, 1 .5 kg of cationic polymer (P-1 9) and 6 L of a 50 percent aqueous 
saponin solution. The resulting mixture was subjected to emulsificatlon dispersion, employing a high pressure homog- 
enizer, manufactured by Sanwa Kogyo Co., Ltd., and then ethyl acetate was removed under reduced pressure. Sub- 
sequently, the total volume was adjusted to 1 00 L. Light Fastness Improving Agent ST-1 



HijCsO 
(t)H9C. 




,C4H9(t) 



OCbHit 



«Preparation of Coating Compositions» 

[0135] First, second, third, and fourth layer coating compositions were prepared employing the methods described 
below. 



(Preparation of the First Layer Coating Composition: 

[0136] The following additives were successively added to 600 ml of Silica Dispersion 2, as prepared above while 
stirring at 40 °C. 



10% Aqueous solution of polyvinyl alcohol (PVA 203, manufactured by Kuraray Kogyo Co., Ltd.) 
5% Aqueous solution of polyvinyl alcohol (a mixture of PVA 235 and PVA 245 at a ratio of 7/3), 
manufactured by Kuraray Kogyo Co., Ltd.) 
Oil Dispersion 1 

Latex EmuLlon«AE-803, manufactured by Daiichi Kogyo Co., Ltd. 
Polyamine (Parafix EP, manufactured by Ohara Palladium Co.) 

Pure water to make 



6 ml 
. 296 ml 

40 ml 
18 ml 
20 ml 
1000 ml 



(Preparation of the Second Layer Coating Composition) 

[01 37] Successively mixed with 640 ml of Silica Dispersion 2, prepared as above, were the following additives, while 
stirring at 40 ^'C. 



10% Aqueous solution of polyvinyl alcohol (PVA 203, manufactured by Kuraray Kogyo Co., Ltd.) 
5% Aqueous solution of polyvinyl alcohol (a mixture of PVA 235 and PVA 245 at a ratio of 7/3), 
manufactured by Kuraray Kogyo Co., Ltd.) 
Oil Dispersion 1 

20% Aqueous thioether based antioxidant (*1 ) solution 
Pure water to make 



6 ml 
240 ml 

55 ml 
30 ml 
1000 ml 



•1: HO-C2H4S-C2H4S-C2H4OH 
(Preparation of the Third Layer Coating Composition) 

[0138] Successively mixed with 640 ml of Silica Dispersion 2, prepared as above, were the following additives, while 

stirring at 40 ''C. 



10% Aqueous solution of polyvinyl alcohol (PVA 203, manufactured by Kuraray Kogyo Co., Ltd.) 



6 ml 



16 



EP 1 219 457 B1 



(continued) 



5/o Aqueous solution of polyvinyl alcohol (a mixture of PVA 235 and PVA 245 at a ratio of 7/3) 
manufactured by Kuraray Kogyo Co., Ltd.) 
Oil Dispersion 1 
Pure water to make 


240 ml 

25 ml 
1000 ml 


(Preparation of the Fourth Layer Coating Composition) 

[0139] Successively mixed with 650 ml of Silica Dispersion 2. prepared as above, were the following add 
stirnng at 40 °C. ^ 


itives, while 


10% Aqueous solution of polyvinyl alcohol (PVA 203, manufactured by Kuraray Kogyo Co., Ltd.) 
5% Aqueous solution of polyvinyl alcohol (a mixture of PVA 235 and PVA 245 at a ratio of 7/3) 
manufactured by Kuraray Kogyo Co., Ltd.) 
50 % Aqueous saponin solution 

Betaine Type Surface Active Agent 1 (5 % aqueous solution) 
Pure water to make 


6 ml 
220 ml 

4 ml 
3 ml 
1000 ml 



Betaine Type Surface Active Agent 1 



[0140] 



CH3 

FiyCeCONHCaHs— N^CHa 

CHiCOO" 

[0141] Each of said coating compositions prepared as above was filtered employing the filters described below. 
[0142] First layer to third layer: 2 filtering stages employing TCP 1 0 manufactured by Toyo Roshi Co Ltd 
[0143] Fourth layer: 2 filtering stages employing TCP 30 manufactured by Toyo RoshI Co., Ltd. 
[0144] Onto the aforesaid support, coated on both sides with polyolefin, each layer was coated in the order of the 

first layer (50 ^im).thesecondlayer(50^m).thethirdlayer (50 ^im).andthefourthlayer(45^m). Figures in parentheses 
show the wet thickness of each layer, and the first layer to the fourth the layer were simultaneously coated. 
[0145] Each coating composition was subjected to slide type curtain coating at 40 ^'C. Immediately after coating the 
resulting coating was cooled In a 5 °C zone for 1 0 seconds, and was successively dried employing a 20 to 30 airflow 
for 30 seconds, a 70 »C airflow for 60 seconds, a 50 *>C airflow for 60 seconds, and a 50 oc airflow for 30 seconds 
whereby Recording Sheet 1 was prepared. 

[0146] Said recording sheet contained 1 .2 millimol of boron atoms per m^. 
(Preparation of Recording Sheets 2 through 19) 

[0147] Recording Sheets 2 through 19 were prepared in the same manner as Recording Sheet 1 , except that the 
layer surface pH of each recording sheet was varied and further, zirconium atom containing compounds were added 
as described in Table 1 . 

[0148] Incidentally, said zirconium containing compounds were provided employing either a method In which said 
compounds were added to the coating composition (and were subjected to in-line mixing with the coating composition 
just prior to coating) or a method In which said compound was subjected to overcoating (OC). 
[01 49] Further, the layer surface pH of the ink absorptive layer of each recording sheet was adjusted to the desired 
value by overcoating a 0.1 mol/L aqueous sodium hydroxide or nitric acid solution onto said recording sheet. 



17 



EP1 219 457B1 

Table 1 



Recording 
Sheet No. 


Zirconi™ Compound 


Layer Surface pH 


Cotpound 
Name 


Amount 
(g/TTi ) 


Addition Method 


Before 
Printing 


After 
Printing 


1 


- 




- 


4.7 


6.3 


2 








3 . 7 


5.1 


3 


ZRl 


0.1 


added to coating 
composition 


4.6 


6 . 3 


4 


2R1 


0.1 


added to coating 
conposition 


4.0 


5.7 


5 


ZRl 


0.1 


added to coating 
composition 


3.5 


4 . 8 


6 


ZRl 


0.1 


added to coating 
composition 


2.8 


3.6 


7 


ZRl 


0.2 


added to coating 
composition 


4.5 


6.3 


8 


ZRl 


0.2 


added to coating 
composition 


4 , 0 


5 . 8 


1 9 
t 


ZRl 


0.2 


added to coating 
composition 


3 . 5 


4 , 7 


10 


ZRl 


0 . 2 


added to coating 
cortposition 


2 . 6 


3.4. 


11 


2R2 


0.1 


added to coating 
composition 


4 . 6 


6 .2 


12 


ZR2 


0 . 1 


added to coating 
conposition 


4 . 1 


5 . 6 


13 


ZR2 


0 . 1 


added to coating 
conposition 


2.9 


3.5 


14 


ZR3 


0.1 


added to coating 
composition 


4.7 


6.3 


15 


2R3 


0.1 


added to coating 
composition 


3.7 


5.3 


16 


ZR3 


0.1 


added to coating 
composition 


.. 3.0 


3.7 


17 


ZR4 


0.1 


OC 


5.0 


6.4 


18 


ZR4 


0.1 


OC 


4.0 


5.6 


19 


ZR4 


0.1 


OC 


2.8 


3.3 
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Table 1 (Continued) 



Recording 
Sneet No. 


Bleeding 


Bronzing 


Anibient 
Humidity 
Dependence 


Remarks 


1 


2.35 


none 


3.2 


Gcmnarative Escamnle 


2 


2 .21 


none 


2 . 8 


COi tioar a. t i ve ExarrtDle* 


3 


1.45 


none 


13 . 8 


Comnarat i vp "RMninl p 


4 


1 .43 


none 


7 . 1 




5 


1 .35 


none 


5 . 9 


0>-aQaT\i- Trttror»t-T rsn 


6 


1 . 11 


occurr'ed 






7 


1.21 


none 


17 .2 


rVTrnr%a Y"^'^ 4 t/o TSSrarrrr \ \ o, 


8 


1.18 


none 


9 2 


XrXCodlU XliVCXlLXVi/Li 


9 


1 . 12 


none 


5 R 

~»' • o 




10 


1 . 07 






uuiiipaxaui ve nxaiupie 


11 


1.48 


none 


12,8 


CocTparative Exairple 


12 


1.52 


none 


6.6 


Present Invention 


13 


1 . 04 


occurred 


1.5. 


Comparative Exairple 


14 


1.38 


none 


13 .1 


Carparative Exanple 


15 


1.28 


none 


6.0 


Present Invention 


16 


1.05 


occurred 


1.3 


Carparative Exanple 


17 


1.67 


none 


10.2 


Carparative Exanple 


18 


1 .60 


none 


4.7 


Present Invention 


19 


1.52 


occurred 


2.2 


Comparative Exanple 



[0150] Incidentally, each of the zirconium compounds described in Table 1 are detailed hereunder. 

ZR1 : zirconyl acetate ZA, manufactured by Daiichi KIgenso Kagakukogyo Co., Ltd. 
ZR2: zirconyl oxychloride, manufactured by Daiichi KIgenso Kagaku Kogyo Co., Ltd. 
ZR3: zirconium sulfate 

ZR4: zirconium acetylacetonatoblsethylacetate 
(Print Evaluation) 

[0151] Recording Sheets 1 through 19, prepared as above, were subjected to the evaluation described below, em 

ploying a desk-top type ink jet printer fitted with a piezo type head. 

[0152] Incidentally, the pH of each ink employed for the evaluation Is as follows: 

yellow ink: 7.2, magenta ink: 7.8, cyan ink: 6.5, and black ink: 7.8. 



[0153] The compositions of Ink used forthe evaluation are as follows. The figures in the table are weight parts. 





Dye 


DEG 


Gly 


TE GBE 


Surfactant 


Ion exchanged water 


Yellow ink 


C.I. Direct Yellow 132: 3.5 


8 


10 


8 


0.1 


70 


Magenta ink 


C.I. Acid Red 249:3.5 


8 


10 


8 


0.1 


70 


Cyan ink 


C.I. Direct Blue 199: 3.5 


8 


10 


8 


0.1 


70 


DEG: Diethylene glycol 
Gly: Glycerin 
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(continued) 





Dye 


DEG 


Gly 


TE QBE 


Surfactant 


Ion exchanged water 


Black ink 


C.I. Direct Black 168: 3.6 


8 


10 


8 


0.1 


70 


1 t^bh: 1 rieinyiene giycoi monoDutylether 

Surfactant: Safinol 465 (Nissin Chemical Industry Co, Ltd) 

The pH of each Ink Is adjusted to the above-mentioned value with 6% aqueous 


NaOH solution. 



(Measurement of Layer Surface pH) 

[0154] The layer surface pH of solid black image printed areas before and after printing was determined employinq 
a flat electrode, manufactured by Toa Denpa Kogyo. 

(Evaluation of Bleeding) 

[0155] Fine black lines having a line width of 0.5 mm were printed on a background solid magenta image. The 
resulting print was stored at 40 «C and 80 percent relative humidity for one week, and subsequently, the line width was 
determined employing a microdensitometer. The increase ratio of said line width was determined as bleeding. 

(Evaluation of Bronzing) 



[0156] Solid yellow, magenta, cyan, and black image prints were stored at 23 «C and 80 percent relative humidity 
for two weeks, and the fonnation of bronzing on each print surface was visually evaluated. 

(Evaluation of Ambient Humidity Dependence) 

[0157] A neutral gray patch having a reflection density of 1 .0 was printed at two ambient conditions of 23 ^'C and 20 
percent relative humidity, as well as 23 '^C and 80 percent relative humidity. The color difference of the resulting prints 
was detennined and said color difference was obtained at two ambient conditions. 



Color difference = (Aa^ + Ab^)^'^ 
[0158] Table 1 shows each of the evaluation results obtained as above. 

[0159] As can clearly be seen from Table 1 , Recording Sheets 3 through 19 comprising zirconium atom containing 
compounds resulted in a marked decrease in bleeding, compared to Recording Sheets 1 and 2 comprising no zirconium 
atom containing compounds. 

[0160] However, Recording Sheets 3, 7, 11, 14, and 17, comprising zirconium atom containing compounds and 
having a layer surface pH of at least 6 after printing, resulted In very large color variation due to ambient humidity 
variation during printing. Further, Recording Sheets 6, 10, 13, 16, and 19 resulted in bronzing. 
[0161] On the other hand, it is clearly seen that Recording Sheets 4, 5, 8, 9, 12, 15, and 18 of the present invention, 
comprising zirconium atom containing compounds and having a layer surface pH of 4 to 6, did not result In bronzing 
and large color variation due to the ambient humidity variation, and resulted in a decrease In bleeding. 

Example 2 

[0162] Silica Dispersions 4 and 5, described below, were prepared In the same manner as Silica Dispersions 2 and 
3 prepared In Example 1 , except that the amount of boric acid based compounds was Increased. 

«Preparation of Silica Dispersion 4» 

[0163] While stimng, 60.0 L of Silica Dispersion 1 were added to 15 L of an aqueous solution (at a pH of 2.3) com- 
prising 2.1 2 kg of a cationic polymer (P-1 9), 2.2 L of ethanol, and 1 . 1L of n-propanol. Subsequently, 8.0 L of an aqueous 
solution containing 320 g of boric acid and 1 90 g of borax were added to the resulting mixture, followed by the addition 
of 200 ml of an aqueous solution containing 2 g of antifoaming agent SN381 , manufactured by Sun Nobco Co., Ltd. 
[0164] The resulting mixture was dispersed employing a high pressure homogenlzer, manufactured by Sanwa Kogyo 
Co., Ltd., and the total volume was then adjusted to 85 L, employing pure water, whereby Silica Dispersion 4 was 
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prepared. 

«Preparation of Silica Dispersion 5» 

[0165] While stirring. 60.0 L of Silica Dispersion 1 were added to 15 L of an aqueous solution (at a pH of 2.3) com- 
prising 2.12 kg of a cationic polymer {P-1 ), 4.2 L of ethanol, and 1 .1 L of n-propanol. Subsequently. 8.0 L of an aqueous 
solution containing 32 g of boric acid and 1 90 g of borax were added to the resulting mixture, followed by the addition 
of 5 g of anionic optical brightening agent Uvitex® NFW Liquid (manufactured by Clba Specialty Chemical Co.). 
[0166] The resulting mixture was dispersed employing a high pressure homogenizer, manufactured by Sanwa Kogyo 
Co., Ltd., and the total volume was then adjusted to 85 L, employing pure water, whereby Silica Dispersion 5 was 
prepared. 

(Preparation of Recording Sheets 21 through 39) 

[0167] Recording Sheets 21 through 39 were prepared in the same manner as Example 1 , except that Silica Dis- 
persion 2, employed In the first layer as well as the second layer, was replaced with Silica Dispersion 4; silica Dispersion 
3, employed in the third layer as well as the fourth layer was replaced with Silica Dispersion 5; and further, the types 
and amount of zirconium atom containing compounds and the layer surface pH were varied as described in Table 2. 
[0168] Each of the resulting recording sheets compriseed 10.4 milllmol of boric atoms per m2 of the ink absorptive 
layer. 

(Evaluation of Receding Sheets) 

[0169] Each of the recording sheets, prepared as above, was subjected to evaluation of bleeding, bronzing, and 
25 ambient humidity dependence, employing the same methods as Example 1 . Table 2 shows the obtained results'. 
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Table 2 



Recording 
Sheet No. 


Zirconium Corapound 


Layer Surface pH 


Conpoimd 
Name 


Aaciea 
Amount 
(g/m ) 


Addition Method 


Before 
Printing 


After 
Printing 


21 


- 




- 


5.6 


6.3 


22 








4 . 4 


5.2 


23 


2R1 


0.1 


added to coating 
conposition 


5.6 


6.3 


24 


ZRl 


0.1 


added to coating 
conposition 


5 . 0 


5.6 


25 


ZRl 


0.1 


added to coating 
composition 


3 . 8 


4 . 2 


26 


ZRl 


0.1 


added to coating 
conposition 


2.9 


3.2 


27 


ZRl 


0.2 


added to coating 
catposition 


5.7 


6.3 


28 


ZRl 


0.2 


added to coating 
conposition 


5 . 3 


5 . 7 


29 


ZRl 


0.2 


added to coating 
catposition 


3 . 9 


4 .4 


30 


ZRl 


0.2 


added to coating 
conposition 


3.2 


3 .5 


31 


ZR2 


0.1 


added to coating 
corposition 


5 . 6 


6 . 2 


32 


ZR2 


0 . 1 


added to coating 
conposition 


4 . 6 


5 . 1 


33 


ZR2 


0.1 


added to coating 
conposition 


3.3 


3.7 


34 


ZR3 


0.1 


added to coating 

conposition 


5.8 


6.3 


35 


ZR3 


0.1 


added to coating 
conposition 


4.8 


5.4 


36 


ZR3 


0.1 


added to coating 
conposition 


3.2 


3.6 


37 


ZR4 


0 . 1 


OC 


5 . 7 


6.4 


38 


2R4 


0 . 1 


OC 


4.7 


5.2 


39 


ZR4 


0.1 


OC 


3.0 


3.5 
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Table 2 (Continued) 





Bleeding 


Bronzing 


Ainbient 
Humidity 
Dependence 


Remarks 


21 


2.66 


none 


3 , 5 


WViAlljiM^ClJLCllv J. V6 ILAjCUliiJxC 


22 


2.54 


none 


3 . 4 


Vc I!XaIT^J.e 


23 


1.50 


none 


12 . 2 


v^uiiiparqt.ive axampxe 


24 


1.45 


none 


6 . 2 




25 


1.36 


none 


5 5 


coCii u iJTvcJiL 1 on 


26 


1 . 14 




1 5 


L.<jnparaLivc lacarrpxe 


27 


1. 13 


none 


16 1 


LAjtitparacivs laCeuipxe 


28 


1.14 


none 


8 8 




29 


1 . 15 


none 


>^ * ^ 


^rxesenc invencion 


30 


1.10 


occurred 


1.4 


Comparative Examole 


31 


1.52 


none 


11.2 


Conparative Example 


32 


1.55 


none 


5.6 


Present Invention 


33 


1.11 . 


occurred 


1.2 


Comparative Example 


34 


1.44 


none 


13.0 


Comparative Example 


35 


1.31 


none 


6.2 


Present Invention 


36 


1.11 


occurred 


1.3 


Comparative Example 


37 


1.72 


none 


10 . 0 


Conparative Elxanple 


38 


1.65 


none 


4.2 


Present Invention 


39 


1.61 


occurred 


2.1 


Comparative Exanple 



[0170J As can clearly be seen from Table 2. Recording Sheets 24, 25, 28, 29. 32. 35, and 38 of the present invention, 
comprising zirconium atom containing compounds and having a layer surface pH of 4 to 6, did not result in bronzing 
and large color variation due to the ambient humidity variation, and resulted In a decrease In bleeding, In the same 
manner as the results of Example 1 . 

[0171] Further, when the results obtained In Example 1 were compared to those obtained in Example 2, It was con- 
finned that by incorporating a relatively large amount of boric acid chloride as the buffer, it was possible to minimize 
the increase In the layer surface pH after printing, and by adjusting the layer surface pH from 3.5 to 5.5 prior to printing, 
It was possible to regulate the layer surface pH after printing from 5 to 6. 

Example 3 

[01 72] Recording Sheets 22A through 220, and 25A through 250 were prepared in the same manner as Recording 
Sheets 22 through 25 prepared in Example 2, except that silica dispersions of the first layer through fourth layer were 
varied as shown in Table 3, and were subjected to evaluation of bleeding, bronzing, and ambient humidity dependence, 
employing the same methods as Example 1 . Table 3 shows the obtained results. 
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Table 3 



Recording 


Silica Dispersion No. 


Zirconium 


First 
layer 


Second 

layer 


Third 
layer 


Fourth 
layer 


22 


4 


4 


5 


5 




22A 


4 


4 


4 


4 




22B 


5 


5 


5 


5 




22C 


5 


5 


4 


4 




2S 


4 


4 


5 


5 


ZRl 


25A 


4 


4 


4 


4 


ZRl 


25B 


5 


5 


5 


5 


ZRl 


25C 


5 


5 


4 


4 


ZRl 



Recording 

Sheet No. 


Layer Surface pH 


Bleeding 


Bronzing 


Ainbient 
Humidity 
Dependence 


Remarks 


Before 
Printing 


After 
Printing 


22 


4.4 


5.2 


2.66 


none 


3.5 


Comparative 
Exanple 


22A 


4.5 


5.2 


3.52 


none 


6.4 


Comparative 
Exainple 


22B 


4 . 3 


5 . 1 


2 .12 


none 


4.2 


Comparative 
Exanple 


22C 


4.4 


5.2 


2.81 


none 


7.2 


Comparative 
Kxairple 


25 


3.8 


4.2 


1.36 


none 


5.5 


Present 

Invention 


25A 


3.9 


4.3 


1.61 


none 


7.4 


Present 
In"vention 


25B 


3.8 


4.2 


1.23 


none 


6.8 


Present 
Invention 


25C 

1 


3.8 


4.2 


1.40 


none 


8.8 


Present 
Invention 



[0173] As can clearly be seen from Table 3, even though the cationic polymer in the recording sheets was varied, 
45 by incorporating zirconium atom containing compounds and adjusting the layer surface pH of solid image printed areas 
to 6 or less after printing, bronzing as well as color variation due to ambient humidity variation was minimized, and at 
the same time, bleeding is also minimized. 

[0174] Specifically, Recording Sheets 25, 25B, and 25C, employing Silica Dispersion 5 comprising the cationic pol- 
ymer (P-l) having the repeated units represented by General Formula (1), resulted in a marked decrease In bleeding. 
50 Further, it is seen that Recording Sheets 25 and 25B, in which Silica Dispersion 5 was employed In the uppermost 
layer (being the fourth layer) resulted in a marlced decrease In color variation. The most preferred recoding sheet Is 
Recording Sheet 25 In which Silica Dispersion 5 is employed In the uppermost layer and the cationic polymer other 
than those represented by General Formula (1) is employed in the lower layer 



55 Example 4 



[0175] Recording Sheets 41 through 49 were prepared in the same manner as Recording Sheet 3 prepared in Ex- 
ample 1 , except that each of the acids described In Table 4 was added to the first layer. A methanol solution was 
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prepared employing each of said employed acids. Each of said recording sheets was prepared by overcoating the 
resulting solution onto Recording Sheet 3 and subsequently drying the resulting coating at 70 to 80 *'C, and said sheets 
were subjected to evaluation of bleeding, bronzing, and ambient humidity dependence, employing the same method 
as Example 1 . Table 4 shows the obtained results. 



Remarks 


Corparative 
Exanple 


Present 
Invention 


Present 
Invention 


Present 
Invention 


Ccnparative 
Example 


Present 
Invention 


Present 
Invention 


Present 
Invention 


Present 
Invention 


Ccnparative 
Ebcanple 


V 
























§ 


ii 


U) 


m 










O 


rH 




in 




ro 
H 


GO 






<N 




VD 


in 




ro 


























Bronzing 


none 


none 


none 


none 


occurred 


none 


none 


none 

U ^ 


none 


occurred 




V. 


tn 


rsj 
in 


in 
in 


o 

in 


CM 
tN 




VD 


H 


ro 


in 




Blec 


H 


H 


H 




H 


rH 


tH 


H 


H 


H 




:er 
ting 


m 




o 




in 






VD 


H 




rface 


Aft 
Prin 


VD 


in 


in 




rn 


tn 


\n 






ro 


Layer Su 


Before 
Printing 






H 


in 
ro 


m 




00 
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[0176] As can clearly be seen from Table 4, Recording Sheets 41 , 42, 43, 45. 47, and 48, in which the layer surface 
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pH of the ink absorptive layer after printing was adjusted to the range of 4 to 6 by Incorporating organic acids in said 
Ink absorptive layer, resulted In no bronzing, and in a decrease in bleeding, while minimizing the effects of ambient 
humidity. 

Examples 

[0177] Recording Sheets 51 through 59 were prepared in the same manner as Example 2, except that zirconium 
atom containing compounds were replaced with aluminum atom containing compounds described In Table 5. Inciden- 
tally, In Table 5, AL1 represents basic aluminum chloride, and AL2 represents aluminum sulfate. 
[0178] Recording Sheets 51 through 59 as well as Recording Sheets 21 and 22 were subjected to evaluation of 
bleeding, bronzing and ambient humidity dependence, employing the same method as Example 1 . Table 5 shows the 
obtained results. 
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Table 5 



Recording 
Sheet No. 


Aluminum Ctampound 


Layer Surface pH 


Conpound 
Name 


Added 
Amount 
M) 


Addition 
Method 


Printing 


After 
Printing 


21 








o . b 


o . J 


22 








4.4 


5.2 


51 




n 1 
U . jL 


added to 
coating* 
conposition 


5 . 7 


6 . 5 


52 


TV T 1 

ALl 


0 . 1 


added to 
coating 
conpos i t ion 


5 . 0 


5 . 7 




7VT 1 
All J. 


r\ 1 
U . 1 


aaaecL to 
coating 


A "5 
4 . J 


A Q 

4 . o 


54 


ALl 


0.1 


added to 
coating 
composition 


3.6 


4.3 


55 


ALl 


0.1 


added to 
coating 
composition 


3.1 


3.8 


56 


AL2 


0.1 


OC 


5.5 


6.5 


57 


AL2 


0.1 


oc 


4.6 


5.2 


58 


AL2 


0.1 


OC 


3.7 


4 . 5 


59 


AL2 


0.1 


oc 


3.0 


3.6 



Recording 
Sheet No. 


Bleeding 


Bronzing 


Aitibient 
Humidity 
Dependence 


Remarks 


21 


2.66 


none 


3.5 


Comparative E>canple 


22 


2.54 


none 


•3.4 


Comparative Example 


51 


1.38 


none 


9.8 


Comparative Exanple 


52 


1.35 


none 


4.2 


Present Invention 


53 


1.30 


none 


4.3 


Present Invention 


54 


1.27 


none 


3.8 


Present Invention 


55 


1 .11 


occurred 


2.2 


Canparative Example 


56 


1.42 


none 


10.3 


Comparative Exanple 


57 


1.40 


none 


5.7 


Present Invention 


58 


1.37 


none 


4.3 


E^esent Invention 


59 


1.14 


occurred 


2.5 


Comparative Exanple 



[0179] As can clearly be seen from Table 5, it was conflnnecl that even when said aluminum compounds were em- 
ployed, by adjusting tlie layer surface pH after printing from 4 to 6, it was possible to minimize bleeding while minimizing 
bronzing as well as to minimize color variation due to variations of ambient humidity. 

[0180] The present invention makes it possible to provide an ink jet recording sheet which, during storage after 
printing, results in minimized bleeding and improved water resistance of prints, prepared by employing water-soluble 
dyes without enhancing bronzing, and results In minimized variation of color reproduction with respect to ambient 
humidity variation. 
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Claims 

1 . An ink jet recording slieet comprising a non-water absorptive support having thereon an Ink absorptive layer com- 
prising 

(i) poiyvinyl alcohol, 

(ii) a cationic poiymer, and 

(iil) a compound containing a zirconium or aluminum atom other than zirconium oxide and aluminum oxide, 
wherein the surface pH of said ink absorptive layer is 4to 6, said pH being measured 30 minutes after receiving 
a water-based ink of pH range 6 to 9 Jetted from an Ink-jet printer In an amount of 20 ml/m2 as specified in J. 
TAPPI Paper Pulp Test Method No. 49-86. 

2. The Ink jet recording sheet of claim 1 , wherein the average molecular weight of the cationic polymer Is between 
5,000 and 100.000. 

3. The Inkjet recording sheet of claims 1 or 2, wherein the compound containing a zirconium atom is selected from 
the group consisting of zirconyl carbonate, ammonium zirconyl carbonate, zirconyl acetate, zirconyl nitrate, zirco- 
nium oxychloride, zirconium lactate, and zirconyl citrate. 

4. The Ink jet recording sheet of claims 1 or 2, wherein the compound containing an aluminum atom is selected from 
the group consisting of aluminum chloride, basic aluminum chloride, aluminum sulfate, basic aluminum sulfate, 
and basic aluminum sulfate silicate. 

5. The Inkjet recording sheet of any of claims 1 to 4, wherein the surface pH of said ink absorptive layer is 4.5 to 5.5 
measured 30 minutes after receiving a water based ink of pH range 6 to 9 jetted from an ink jet printer In an amount 
of 20 ml/m^. 

6. The Inkjet recording sheet of any of claims 1 to 5, wherein the ink absorptive layer Is a porous layer 

7. The Inkjet recording sheet of any of claims 1 to 6, wherein said ink absorptive layer comprises boric acid or a salt 
thereof in an amount of 2 to 30 millimol per m^ of said ink absorptive layer, and the surface pH of said ink absorptive 
layer prior to receiving ink is from 3.5 to 5.5. 

8. The Inkjet recording sheet of any of claims 1 to 7, wherein said cationic poiymer is represented by Fomiula (1), 



Formula <1}^ 




wherein R represents a hydrogen atom or an alkyi group; R^, Rg, and Rgeach represent an alkyi group or a benzyl 
group; J represents a bond or a divalent organic group; X represents an anionic group. 

9. The ink jet recording sheet of any of claims 1 to 8, wherein said ink absorptive layer comprises at least two ink 
absorptive layers, wherein said cationic polymer in said ink absorptive layer farthest from said non-water absorptive 
support comprises a repeating unit represented by Formula (1), 
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Formula <1) , 




10 

wherein R represents a hydrogen atom or an alkyi group; Ri, R2, and R3 each represent an alkyi group or a benzyl 
group; J represents a bond or a divalent organic group; X represents an anionic group. 

15 10. The Ink jet recording sheet of any of claims 1 to 9, wherein the ink absorptive layer comprises said compound in 
an amount of 0.1 to 5 mg/m^. 

PatentansprOche 

20 

1 . Tintenstrahlaufzeichnungsblatt, umfassend einen Trager, der kein Wasser absorbiert, und eine darauf befindliche 
Tintenabsorptlonsschicht, die 

(I) Polyvinylalkohol, 
25 (1!) ein kationisches Polymer und 

(III) eine Verbindung. die ein Alumlniumatom oder ein Zirkoniumatom enthait, welche nicht Zirkoniumoxld Oder 
Aluminiumoxid ist, umfasst, 

wobei der pH der Oberflache der genannten Tintenabsorptlonsschicht 4 bis 6 betragt und der genannte pH 30 
30 Minuten nach Erhalt einer Wasser-basierten Tinte mit einem pH-Bereich von 6 bis 9, welche von einem Tinten- 

strahldrucker In eIner Menge von 20 ml/m2 abgestrahit wurde, wie in J. TAPPI Paper Pulp Test Method Nr. 49-86 
spezlfizlert, bestimmt wird. 

2. Tintenstrahlaufzeichnungsblatt nach Anspruch 1 , wobei das mittlere Molekulargewicht des kationischen Polymers 
35 zwischen 5,000 und 1 00,000 betragt. 

3. Tintenstrahlaufzeichnungsblatt nach Anspruch 1 oder 2, wobei die Verbindung, die ein Zirkoniumatom enthalt, 
ausgewahit ist aus der Gruppe bestehend aus Zirkoniumcarbonat, Ammonlumzlrkonylcarbonat, Zirkoniumacetat, 
Zirkoniumnitrat, ZIrkoniumoxychlorid, ZIrkoniumlactat und Zirkonlumcitrat. 

40 

4. Tintenstrahlaufzeichnungsblatt nach Anspruch 1 oder 2, wobei die Verbindung, die ein Alumlniumatom enthalt, 
ausgewahit ist aus der Gruppe bestehend aus Alumlnlumchlorld, baslschem Aluminiumchlorid, Aluminiumsuifat, 
basischem Aluminiumsuifat und baslschem Aluminiumsulfatsilikat. 

5. Tintenstrahlaufzeichnungsblatt nach einem der Anspriiche 1 bis 4, wobei der pH der Oberflache der genannten 
Tintenabsorptlonsschicht 4.5 bis 5.5 betragt, gemessen 30 Minuten nach Erhalt einer Wasser-basierten TInte mit 
einem pH-Berelch von 6 bis 9, welche von einem Tintenstrahldrucker in einer Menge von 20 ml/m2 abgestrahit 
wurde. 

50 6. Tintenstrahlaufzeichnungsblatt nach einem der Anspriiche 1 bls5, wobei die Tintenabsorptlonsschicht eine porose 
Schicht Ist. 

7. Tintenstrahlaufzeichnungsblatt nach einem der Anspruche 1 bis 6, wobei die Tintenabsorptlonsschicht Borsaure 
Oder eines ihrer Saize in einer Menge von 2 bis 30 millimol pro m^ der genannten Tintenabsorptlonsschicht umfasst 

55 und der pH der Oberflache der genannten Tintenabsorptlonsschicht vor dem Erhalt von Tinte von 3.5 bis 5.5 

betrdgt. 

8. Tintenstrahlaufzeichnungsblatt nach einem der Anspruche 1 bis 7, wobei das kationische Polymer der Formel (1) 



29 



EP 1 219 457 B1 



entspricht, 

Formel (1), 

R 

CHa-C 

J 




wobei R einem Wasserstoffatom Oder einer Alkylgmppe entspricht, R^, R2 und R3 jewells einer Alkylgruppe oder 
Benzylgruppe entsprechen, J einer Bindung oder einer divalenten organischen Gruppe entspricht und X einer 
anionischen Gruppe entspricht. 

9. Tintenstrahlaufzeichnungsblatt nach einem der Anspruche 1 bis 8, wobei dieTintenabsorptionsschicht wenigstens 
zwei Tintenabsorptionsschichten umfasst und sich das kationische Polymer in der Tintenabsorptionsschicht be- 
findet, welche am entferntesten von dem Trager ist, der kein Wasser absoriDiert, und eine sich wiederholende 
Einheit, welche der Fonnel (1) entspricht, umfasst, 

Formel (1 ), 

? 

CMj-C 

wobei R einem Wasserstoffatom oder einer Alkylgruppe entspricht, R^, Rg und R3 jewells einer Alkylgruppe oder 
Benzylgruppe entsprechen, J einer Bindung oder einer divalenten organischen Gruppe entspricht und X einer 
anionischen Gruppe entspricht. 

10. Tintenstrahlaufzeichnungsblatt nach einem der Anspruche 1 bis 9, wobei dieTintenabsorptionsschicht die genann- 
te Verbindung In einer Menge von 0.1 bis 5 mg/m2 umfasst. 

Revendications 

1 . Feuille d'en registrement par jet d'encre comprenant un support n'absoriaant pas I'eau ayant sur celui-ci une couche 
absorbant I'encre comprenant 

de I'alcool polyvlnylique, 
un polymere cationique, et 

un compose contenant un atome de zirconium ou un atome d'aluminium autre que I'oxyde de zirconium et 
I'oxyde d'aluminium, 

dans laquelle le pH de surface de ladite couche absoriaant I'encre a une valeur de 4 a 6 , ledit pH etant mesure 
30 minutes apres reception d'une encre k base d'eau avec un pH dans une plage de 6 & 9 projetee par une 
imprimante 6 jet d'encre k une quantity de 20 ml/m^, comme il est sp6clfi§ dans la methode de controle de la pate 
k papier J. TAPPI n° 49-86. 

2. Feuille d'en registrement par jet d'encre selon la revendication 1, dans laquelle le polds mol6culaire moyen du 
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polym^re cationique est entre 5 000 et 100 000. 

3. Feuille d'enreglstrement par jet d'encre selon la revendication 1 ou ta revendication 2, dans laquelle le compost 

contenant un atome de zirconium est choisi dans le groupe comprenant le carbonate de zirconyle, le carbonate 
5 de zirconyie ammonium, I'ac^tate de zirconyle, le nitrate de zirconyle, I'oxychlorure de zirconium, le lactate de 

zirconium, et le citrate de zirconyie. 

4. Feuille d'enreglstrement par jet d'encre selon la revendication 1 ou la revendication 2, dans laquelle le compos6 
contenant un atome d'aluminium est choisi dans ie groupe comprenant le chlorure d'aiuminium, lechlorure basique 

io d'aluminium, le sulfate d'aluminium, le sulfate basique d'aluminium et le sulfosillcate basique d'aluminium. 

5. Feuille d'enreglstrement par jet d'encre selon Tune quelconque des revendications 1 k 4, dans laquelle ie pM de 
surface de ladite couche absorbant I'encre a une valeur de 4,5 k 5,5 mesure 30 minutes aprfes la reception d'une 
encre k base d'eau ayant un pH dans la plage de 6 a 9 projetee par une imprlmante k jet d'encre en une quantit6 

iS de20ml/m2. 

6. Feuille d'enreglstrement par jet d'encre selon I'une quelconque des revendications 1^5, dans laquelle la couche 
absorbant I'encre est une couche poreuse. 

20 7. Feuille d'enreglstrement par jet d'encre selon I'une quelconque des revendications 1 k 6, dans laquelle ladite 
couche absorbant i'encre comprend de I'acide borique ou un sel de ceiui-ci en quantite de 2 a 30 millimoles par 
m2 de ladite couche absorbant I'encre, et le pH de surface de ladite couche absorbant I'encre avant la reception 
de I'encre est de 3,5 a 5,5. 

25 8. Feuille d'enreglstrement par jet d'encre selon i'une quelconque des revendications 1 a 7, dans laquelle ledit poly- 
mfere cationique est repr6sent6 par la fomiule (1), 



Formule (I) 
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— CH2 — c — 



J 
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R3 

45 

dans laquelle R repr6sente un atome d'hydrog§ne ou un groupe alkyie ; , R2, et R3 chacun repr§sente un 
groupe alkyie ou un groupe benzyle ; J repr6sente une liaison ou un groupe organique divalent ; X repr6sentent 
un groupe anionique. 

50 9, Feuille d'enreglstrement par jet d'encre selon I'une queiconque des revendications 1 k 8, dans laquelle ladite 
couche absorbant I'encre comprend au molns deux couches absorbant I'encre, dans laquelle ledit polymfere ca- 
tionique dans ladite couche absorbant I'encre la plus 6loign6e dudit support n'absorbant pas I'eau comprend un 
motif rep6t6 repr6sent6 par la formula (1 ), 
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Formule (I) 



1 



— CH 




'1 



X 




dans laquelle R repr6sente un atome d'hydrog^ne ou un groupe alkyle ; R-| , Rg, et R3 chacun repr6sente un 
groupe alkyle ou un groupe benzyle ; J represente une liaison ou un groupe organlque divalent ; X representent 
un groupe anionique. 

10. Feuille d'enreglstrement par jet d'encre selon I'une quelconque des revendications 1 h 9, dans laquelle la couche 
absorbant I'encre connprend ledit compost en quantity de 0,1 k 5 mg/nn^. 
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